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(54) ELECTROLYTE FOR ELECTROLYTIC CAPACITOR 



(57) An electrolyte having a high conductivity, an ex- 
cellent high-temperature life characteristic and leading 
to improvement of the shelf characteristic of an alumi- 
num electrolytic capacitor. 

At least one phosphate ion producing compound 



and a chelating agent are added using a solvent largely 
composed of water. Therefore, an aluminum electrolytic 
capacitor comprising such an electrolyte has a low im- 
pedance, an excellent high-temperature life character- 
istic, and an improved shelf characteristic. 
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Description 

Industrial Field of Application: 
s [0001] The present invention relates to an electrolytic solution for an electrolytic capacitor. 

Prior Art: 
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rO0O2] An aluminum electrolytic capacitor generally has the following constitution. Specifically a high-purty alumi- 
num foil shaped in a strip form is subjected to a surface-enlargement treatment by chemical or electrochemical etch ng, 
and the aluminum foil whose surface has been subjected to an enlargement treatment is subjected to» 
Treatment in a forming solution, such as an aqueous ammonium borate solution, to prepare an anode < M compnsmg 
he aluminum foil having an oxide film layer formed thereon. Then, the anodic foil is overlapped and wound with a 
cathodic foil which is prepared by subjecting a high-purity aluminum foil to a surface-enlargement treatment in a similar 
SnnervSaser^ratorToprepam 

Er driving and housed in a metallic sheathed package in a closed-end cylindrical fornv Further, a 
made of elastic rubber is Inserted into an open-end section of the sheathed package, and the open-end section of the 
sheathed package Is sealed by drawing, whereby an aluminum electrolytic capacitor is constituted. 
r00031 As the electrolytic solution impregnated into the capacitor element of a compact aluminum electrolytic capac- 
Hor lb! low voltage, one having ethylene glyco. as a main solvent and an ammonium salt of 
or the like as a solute, one having r butyrolactone as a main solvent and a quaternary cyclic amid.nium salt of phthalK 
acid, maleic acid or the like as a solute, and the like have been conventionally known. 

Problems that the Invention is to Solve: 

r00041 Applications of the electrolytic capacitor include an electronic apparatus, such as an output smoothing circuit 
of a switching power supply orthe like. While low impedance characteristics are demanded in these applications such 
increased for an electrolyte capacitor along with the progress of miniaturizabon .toM- 
apparatus The conventional electrolytic solution cannot deal with the demand, and an electrolytic solution having a 
higher electroconductivity is demanded. The invention is to solve the problem, and one object thereof « to provide an 
electrolytic solution for an electrolytic capacitor that can realize a low impedance electrolyte capacitor, has a high 
electroconductivity, and is excellent in high-temperature service life charactenstics. tu „^ a/ , 
[0005] The conventional aluminum electrolytic capacitor has such problems that, upon allow.ngto stand, the capac- 
tance is decreased, and the leakage current characteristics are deteriorated, which finally cause opening of a safety 
valve and the reliability of the electrolytic capacitor is greatly influenced by the shelf charactenst.es, which are the 
characteristics after lapsing a long period of time under load or under no load. tanAfnra 
[00061 Accordingly, when an aluminum electrolytic capacitor that had been detenorated by allowing to stand for a 
ong period of time was analyzed, it was found that the pH of the electrolytic solution is increased, and an ijnuno 
component, i.e.,the solute, was attached to the surface of the electrode foil. It becomes «^^*~™*!* 
aluminum on the surface of the electrode foil is reacted with the anionic component as the solute to attach on the 
S ode foil, and aluminum is dissolved to form a hydroxide, part of which is reacted with the anion* exponent m 
the solute to form a hydrogen gas through the reaction. The reaction is repeated to increase the pH, and finally it bnngs 
about deterioration of the electrode foil and opening of the valve. H atertnratin „ n f a „ 
[0007] Meanwhile, it has been well known that phosphoric acid * effective for prevention °' the detenoraten of an 
electrode foil but it is not sufficient. This is because even when phosphoric acd is added, the phosphonc acid thus 
added is bonded to aluminum in the electrolytic solution to form a water-insoluble complex, and the insoluble complex 
is attached to the electrode foil, whereby the phosphoric acid is diminished from the electrolytic solution, furthermore 
when the addition amount is too laige, such a problem arises that the leakage current is increas ed. However the 
characteristics of the electrolytic capacitor are maintained in good conditions during the penod where the phosphate 
so ions remain in an appropriate amount before diminishment thereof, and therefore, the invention has been completed, 
another object of which is to improve the shelf characteristics of the electrolytic capacitor. 

Means for Solving the Problems: 

55 rOOOS] The electrolytic solution for an aluminum electrolytic capacitor of the invention is characterized by containing 
a solvent containing water and a water-soluble aluminum complex having a phosphate ion combined thereto. 
1-0009] The water-soluble aluminum complex having a phosphate ion combined thereto can be formed by adding a 
compound forming a phosphate ion in an aqueous solution <a phosphate ion forming compound) and achelating agent 
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forming a water-soluble aluminum complex with aluminum. The phosphate ion forming compound can be s lected 
from the phosphorus compounds described lat r, phosphoric add, phosphorous add, hypophosphorous add, salts 
thereof, condensat s th r of, and salts of th cond nsates. 

[0010] In a preferr d mbodiment of the invention, at least one kind of acfipic add and a salt thereof is used as the 
5 solute. 

[001 1 J The solvent contains water as a main component (i.e., in an amount of about 25% or more), and the cont nt 
of water is generally from 35 to 100% by weight of the entire solvent 

[001 2] The content of adipic acid or a salt thereof is generally from 5 to 20% by weight of the entire electrolytic solution . 
[0013] The content of the phosphorus compounds, phosphoric acid, phosphorous acid, hypophosphorous add, salts 
10 thereof, condensates thereof, and salts of the condensates is generally from 0.01 to 3.0% by weight of the entir 
electrolytic solution. 

[0014] The content of the chelating agent is generally from 0.01 to 3.0% by weight of the entire electrolytic solution. 
Mode for Carrying Out the Invention: 

15 

[0015] The electrolytic solution for an aluminum electrolytic capacitor of the invention is an electrolytic solution, in 
which the compound forming a phosphate ion in an aqueous solution and the chelating agent are added to the solv nt 
containing water to form a combined product of the water-soluble aluminum complex and a phosphate ion, and after 
being impregnated in the capacitor element, it reacts with aluminum eluted from the aluminum foil used as the electrode 
20 foil to the electrolytic solution, so as to form the combined product of the water-soluble aluminum complex and a 
phosphate ion 

[0016] As the solvent, a protonic polar solvent, an aprotonic solvent and a mixture thereof can be used in addition 
to water Examples of the protonic polar solvent include a monohydric alcohol (such as methanol, ethanol, propanol, 
butanol. hcaanol cyclohexanol, cyclopentanol, benzyl alcohol and the like), a polyhydric alcohol and an oxyalcohol 

25 compound (such as ethylene glycol, propylene glycol, glycerin, methyl cellosolve, ethyl cellosotve, 1,3-butanediol, 
methoxypropyiono glycol and the like). Representative examples of the aprotic solvent include an amide series (such 
as N-mclhyHornvimide, N.N-dimethylformamide, N-ethylformamide, N.N-diethyrformamide, N-methylacetamide, hex- 
amethylphospnonc amide and the like), a lactone compound, a cyclic amide compound, a carbonate compound (such 
as y-butyroiacione N-methyl-2-pyrrolidone, ethylene carbonate, propylene carbonate and the like), a nitrile compound 

30 (such as acctomt'ilc and the like), an oxide compound (such as dimethyl sulfoxide and the like) and the like. 

[0017] As the compound forming a phosphate ion in an aqueous solution (the phosphate ion forming compound), 
the following compounds can be exemplified. They are the phosphorus compounds described later, phosphoric acid, 
phosphorous itcid hypophosphorous acid, salts thereof, condensates thereof, and salts of the condensates. 
[0018) Eiampics of the above-described phosphorus compound and salt thereof include an alkyl phosphate, such 

35 as etnyl phosphate diethyl phosphate, butyl phosphate, dibutyl phosphate and the like; a phosphonate and a diphos- 
phonaic of a denvatve thereof, such as phosphonic acid, 1-hydroxyethylidene-1,1-diphosphonicadd, aminotrimeth- 
ylenephoscphDnic actd. phenylphosphonic acid and the like; a phosphinate : such as methyl phosphinate, butyl phos- 
phinatc and me fcfcc and salts of all of them. Among these, are preferred dibutyl phosphate, 1-hydroxyethylidene- 
1 , 1 -drphosphomc acd. and salts of them. As the salts of the phosphorus compounds, an ammonium salt, an aluminum 

40 salt, a soo«um &*R a potassium salt, a calcium salt and the like can be used. 

[0019] A condensed phosphoric acid, which is a condensate of phosphoric acid, and a salt thereof are used. As the 
condensed pn^sprxrtc acid, a linear condensed phosphoric acid, such aspyrophosphoric acid, tripolyphosphoric acid, 
tetrapoiyphospnofic acid and the like, a cyclic condensed phosphoric acid, such as metaphosphoric add, hexam ta- 
phosphonc ac o and the like, and a product formed by combining the linear and cyclic condensed phosphoric acids. 

45 As the sin* o* me cendensed phosphoric acid, an ammonium salt, a sodium salt, a potassium salt and the like can b 
used Among tnesc arc preferred pyrophosphoric acid, tripolyphosphoric acid, tetrapolyphosphoric acid and salts of 
them, and mofu preferred pyrophosphoric acid, tripolyphosphoric acid and salts of them, with tripolyphosphoric 
acid Deng most preferred. As the salts of the condensates, an ammonium salt, an aluminum salt, a sodium salt, a 
potassium sad a calcium salt and the like can be used. 

so [0020] r urthcrmorc. as the phosphate ion forming compound, phosphoric acid, phosphorous acid, hypophosphorous 
acid anc saris of them can be used. The salts thereof are an ammonium salt, an aluminum salt, a sodium salt, a calcium 
salt and n potassium salt. Phosphoric acid and a salt thereof form a phosphate ion through decomposition in an aqueous 
solution Phosphorous acid, hypophosphorous acid and salts of them form a phosphite ion and a hypophosphtte ion 
through decomposition in an aqueous solution, which then become phosphate ions through oxidation. 

55 [0021] As the condensate other than the condensed phosphoric acid, the phosphorus compounds, phosphorous 
acid, hypophosphorous add, salts of them, and condensates of the phosphorus compounds, phosphorous acid, hy- 
pophosphorous acid and a salt of hypophosphorous acid can be used. Furthermore, salts of the condensates can also 
be used. As me satts f th condensates, an ammonium salt, an aluminum salt, a sodium salt, a potassium salt, a 
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m 2S!53i ion forming compounds, whfch ton, a phosphat ion in an aqueous solution 

or form a phosphite ion or a hypophosphite ion, which then becom a phosphate ion through oxidation. 
M S these, phosphors acid or a salt thereof, condensed phosphoric acid, and a d nvauv ^honc 
add such as a phosphate or an alkyl phosphate, which easily form a phosphate ion. are preferred. Further a linear 
acid. Such as phosphoric acid, pyrophosphoric acid, tri-polyphosophoric acid - ^ >* «"* 
fols a large amount of phosphate ions in a relatively high rate wrth respect to the addflon amount, and 
aTiso preferred. In addition to these phosphate ion forming compounds, the effect of the .nvent.on can be obtamed 
hw ciiihQtances that form a phosphate ion in an aqueous solution. 

ro024? ™ ^ Son amount ofthe phosphate ion forming compound is from O.Of to 3.0% by weight, and preferably 
from 0 2 to 2.0% by weight, of the entire electrolytic solution. The effect is reduced outside the range. _ 
0025] Similany.Lchelatingagentform^ 

As the chelating agent, the following can be exemplified. That is, they are an a-hydroxycaboxyhc acd, such as citnc 
acid tartaric acid, gluconic acid, malic acid, lactic acid, glycolic acid, a-hydroxybutylic acd, hydroxymalomc acd a- 
m^hlal c add dihydroxytartaric acid and the like, an aromatic hydroxycarboxylic acid, such as Y -resocyl« 
resocCacid trihydroxyb7nzoic acid, hydroxyphthalic acid, dihydroxyphthalic acid, phenoltrxiarbo^ 
S3 m CyanL Rand the like, a suifocarboxylic acid, such as surfosalfcy.ic acid and the hke, a tannin, such as 
tannic acid and the like, a guanidine. such as dteyandiamide and the like, a saccharide such as 0-""**"™ 
and the .ike, a lignin, such as lignosu.fonate and the like, an aminopo^oxyUc ac£ s uch_ m«*m*^ 
tetraacetic acid (EDTA), nitrilotriacetic acid (NTA), glycoletherdiam.netetraacetic acd ( GE py A )^ d, ^y' e a n ^ " 
amTnepentaacetic acid (DTPA), hydroxyethylethy.enediaminetriacetic acid (HEDTA), tneth ^^TS^S 
add (TTHA) and the like, and salts of them. As the salts of them, an ammonium salt, an aluminum salt, a sodium mK, 
Hot-sium salt and the'.ike can be used. Among these, are P^ed tan<* > add, £ 
tartaric acid, gluconic acid, aurin tricarboxylic acid, r resocylic acd, DTPA, EDTA, GEDTA HEDTA TTHA and saite 
hereof which easily exert chelate formation with aluminum, and are more prefened tannic acd, tnhydroxybenzoic 
add ^ *r£ acd ,ta2ic acid, r resocylic acid, aurin tricarboxylic acid, DTPA, GEDTA, HEDTA TTHA and salts thereof. 
m026] Tne addition amount of the chelating agent is from 0.01 to 3.0% by weight, and preferab* from 0.1 to 2.0% 
bv weiqht of the entire electrolytic solution. The effect is reduced outside the range. 

r00271 As the solute of the electrolytic solution for an aluminum electrolytic capacrtor used m the invention, an m- 
SonlsTftaquaternary ammonium saft or an aminesaltofacarbox^li^ 

ad and the like, can beused. Examples of a quaternary ammonium constitutingthe quaternary ammo^ 
rtetrealkylammonium (such as tetramethylammonium. tetraethylammonium, tetrapropylammon.um, tetrabutylammo- 

I eLtoyrilnium ,1 ,3-diethyl P yridinium and the like) . Examples of an amine constituting the amine saft mdude a 
inmaXinetsuch^ 

E-STsecondary amine (such as dimethylamine, diethylamine, dipropylamine, ethylmethylam.ne diphenylam.ne. 
dietSolam^ and the like)' and a tertiary amine (such as trimethy.amine. triethylamine, tributy.amine, 1 ,8-d,azab,- 
cvclo(5 4 0)-undecene, 7-triethanolamine and the like). 

[00M] Furthermore, the following acids can be used as the carboxyiic acid. They are 
glutaric acid, succinic acid, isophthalic acid, phthalic acid, terephthalic acd, maleic acid, * u « bckI 
maonic acid a decanedicarboxylic acid, such as 1 ,6-decanedicarboxylic acid, 5,6.de^ned,carooxyl,c acid anj the 
ie an octanedicamoxylte acid, such as 1 ,7-octanedtearboxylic acid and the like, azelax: acd se baccac d and the 
ike An inorganic acid, such as boric acid, a polyhydric alcohol complex compound of boric acd opined from bone 
ado and a po^hydric abohol, phosphoric acid, carbonb acid, silicic add and the like, can also be "aed Among them 
are preferred an organic carboxyiic acid, such as a decanedtearboxylic acid, an octanedicarboxylc acid azelaic acd 
JebacS add aSipteacid, glutaric add, succinic acid, benzoic acid, isophthalic acid, formic acid and the like, bone acd 

and a polyhydric alcohol complex compound of boric acid. 

?0029] A salt having a quaternary cyclic amidinium ion as a cationic component may also be used. Examples of an 
add firming an anionic component the salt include phthalic acid, isophthalic acid, terephtha.K acd, ma.eic acd, 
so benzoic acid, toluic acid, enanthic acid, malonic acid and the like. 

[0030] The quaternary cyclic amidinium ion as a cationic component is a cation fonned by quaternary n a cycl« 
compound having an N,N,N'-substituted amidine group, and the following compounds are exemplified as tf^e cyc « 
compound having an N,N,N'-substituted amidine group. They are an imidazole monocychc ^^(^Jj- 
anTmidazole homologue, such as 1 -methylimidazole, 1 -phenylimidazole, 1 ,2-dimethyl.m.dazole, 1-et hy -2-methy I mi- 

55 dazoTT^mlthyi^ 

aToxva M deXaL, such as 1 .methy.-2-oxymethy.imidazole. 1 -methy.-2*xyethy.imidazole and the like, a nrtm de- 

L7^^T-memyl-4(5)-nit ro imid y azo.e and the like, an amino derived such as 1 ^^ ^Z^' 
zoTandthe like), a benzoimidazole compound (such as 1-methylbenzoimidazole, 1-methyl-2-b nzo.midazole, 1-me- 
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thyl-5(6)-nitrobenzoimidazole and the like), a compound having a 2-imidazoline ring (such as 1-methylimidazoline 
1.2-dimethylimidazoline, 1 ,2.4-trim thylimidazoline, 1-memyt-2-phenylimidazoline, 1-emyl-2-m mylimidaaolin ' 
1.4-dmemyl-2-e%limidazolin , 1 -m thyl-2-ethoxymethylimidazolin andth like), a compound having a tetrahydro- 
pynmidmenng(suchas1-m thyM ,4,5.6-tetrahydropyrimtdin , 1 ,2-dimethyH ,4,5,6-tetrahydropyrimidine 1 S^Jiazabi- 
cycW.S.Olnonene-S and the like), and the like. 

[0031 ] The aluminum electrolytic capacitor containing the electrolytic solution for an aluminum electrolytic capacitor 
of the invention described in the foregoing is good in shelf characteristics, i.e., characteristics after a load or no load 
test for a long period of time, and further the initial capacitance is also increased. 

[0032] After impregnating a capacitor element with the electrolytic solution for an aluminum electrolytic capacitor of 
the invention, the chelating agent forms a water-soluble complex with aluminum eluted from the aluminum foil in the 
electrolytic solution, which forms a combined product through a reaction with a phosphate ion. The combined product 
is attached to the electrode foil or is dissolved in the electrolytic solution and releases phosphate ions in that stat so 
as to exert such function that phosphate ions in the electrolytic solution are maintained in a suitable amount The 
phosphate ions suppress dissolution of aluminum and formation of a hydroxide of aluminum to suppress deterioration 
of the electrode foil, whereby the shelf characteristics of the aluminum electrolytic capacitor are improved The phos- 
phate ions in the electrolytic solution and the phosphate ions in the combined product are detected for a long period 
of time after allowing to stand in an amount of from 10 to 40,000 ppm in terms of a phosphate radical (the electrolytic 
solution is diluted with diluted nitric acid of 2 mmol/l to 1 ,000 times to make pH of from 2 to 3, and phosphate ions ar 
quantitatively determined by an ionic chromatography analysis). 

[0033] The following experiments clarify these facts. The aluminum electrolytic capacitor of the invention was dis- 
assembled, and the electrolytic solution impregnated in the capacitor element was washed and removed Thereafter, 
the capacitor element was impregnated with an electrolytic solution containing no phosphate ion to produce an alumi- 
num electrolytic capacitor, and the shelf characteristics of the resulting aluminum electrolytic capacitor were excellent 
Phosphate radicals of from 10 to 200 ppm were detected from the electrolytic solution of the aluminum electrolytic 
capacitor, but substantially no aluminum was detected. That is, the water-soluble complex of the chelating agent and 
aluminum is combined to phosphate ions to be attached to the electrode foil, and the combined product releases 
phosphate ions into the electrolytic solution to maintain the suitable phosphate ion concentration for a long period of 
time, whereby the shelf characteristics of the capacitor are improved. 

[0034] In the case where the aluminum complex thus formed is not water-soluble, i.e., water-insoluble the effect of 
the invention cannot be obtained because it is considered that it has no function of releasing phosphate' ions. 
[0035] In general, when the content of water in the solvent is increased, the pressure inside the capacitor is increas d 
due to formation of a hydrogen gas, causing such situation that blister is formed on the package. Particularly in a high- 
temperature service life test at 1 05°C or higher, when the content of water exceeds 1 5% by weight, a large amount of 
gas is formed to increase the pressure inside the capacitor to cause such a situation that the safety valve is opened 
and thus, it becomes unusable. That is, the state where the cathodic foil is in contact with the electrolytic solution at a 
high temperature is continued for a long period of time, and under the presence of a large amount of water water 
reaches the aluminum foil through the dense oxide film formed on the aluminum film and reacts with aluminum to form 
aluminum hydroxide. A hydrogen gas is formed.at this time. Furthermore, the reaction suddenly proceeds at a high 
temperature of 1 05°C or higher to form a large amount of gas, and thus, it results in an increase of the inner pressur 
of the capacitor and opening of the valve of the capacitor. 

[0036] However, in the electrolytic solution for an aluminum electrolytic capacitor of the invention, because the phos- 
phate ion forming compound and the chelating agent are added to the solvent containing water as a main compon nt 
as an electrolytic solution, the specific resistance of the electrolytic solution can be reduced, and the impedance of th 
electrolytic capacitorcan be reduced. Furthermore, because the phosphate ion concentration of the electrolytic solution 
in the capacitor element can be maintained to a suitable amount for a long period of time by the chelating ag nt 
dissolution and deterioration of the electrode foil can be prevented, and the high-temperature service life ^3^61151^ 
of the aluminum electrolytic capacitor can be maintained in an excellent state. 

[0037] The chelating agent and the phosphoric acid compound added upon producing the electrolytic solution provide 
the chelating agent and a phosphate ion in the electrolytic solution of a molar ratio, chelating agent/phosphate ion of 
from 1/20 to 3/1 . Furthermore, it is preferably from 1/1 0 to 1/1 . When the amount of the chelating agent is smaller than 
the ratio, the leakage current characteristics of the aluminum electrolytic capacitor are lowered. When it is more than 
the ratio, the high-temperature service life characteristics of the aluminum electrolytic capacitor are deteriorated al- 
though the reasons therefor are not clear. 

[0038] When a large amount of water is contained in the electrolytic solution, deterioration of the electrode foil be- 
comes remarkable, and in particular, when the content of water in the electrolytic solution exceeds 15% such probl m 
occurs that deterioration of the characteristics of the aluminum lectrolytic capacitor becomes remarkable under th 
conditions for allowing to stand of 1 25*C or higher. In the invention, however, it has been found that the effect is obtained 
ven in the cas where a larg amount of water is contained, and thus, an aluminum lectrolytic capacitor having low 
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.Main an ttnnnum to* <ap**or ha»,g Ml ^"^f^t K% by «*ghl o, mote. Thetotote, ft 
[0042] Fnrthaftttore, I can be used at ^ c ^^"^*^*^toS«elsM. lnfteoas.*et 
Lga *be,e a has ahl* oteatoeotniu,**, ,m*m to »" « !»< a*»tas In ft. invention, Me «tf 
me phosphatn Ion tanning compound and the =^ ™ cases wbaee il ntithstands 

ion forming compound and the chelating agent „ Qf , ari tnr U o ina an electrolytic solution containing wa- 

ter, the leakage current b increased after a high te ^perature i ram • theincrease of the leakage current 

high-tcmpcraturc service life characteristics are improved. 

[0044] As described in the foregoing J |* ""vent containing water as a main com- 

adding tnc phosphate ion forming compound and the chelating a 9 e "V obtained blister and opening of the 

ponen,. whereby an electrolytic solution having a high ^^^^^^Z^Zc, atter the 

and the chelating agent. ^ kffi/ * ~ a „ fl ritnr of the invention using the solvent containing 

:r,:c^h» 

, he electrode nave high safely. It is thus excellent in acid and a salt thereof as the solute. 
[00461 Thcnpcd-n-JIU^^ 

[0047J The con-en: of adipic acid or a salt thereof itonSk .20 p ' gnd the solubility te 

about from 9 to 15". by weight, in the entire electrolytic MhOon. man a 

[0048, ^--'% a "'7~\ h o i;^ 

noniomc turf*** colloidal silica and the like to he J^JJJJJJ^^, of the jnve ntion, such aluminum elec- 

r^re=sr=^^ 

... be tosenbed mot. spnc.ic-y oelow «ift ralerana. .0 ft. Baron*. 
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[00S1, Thcnvcnt^.bedes^ 

idling' up an anode M and a cathodic foil with a separata ^ inten/en-ng ^^^.^^^^g 
obtained m such a manner that an aluminum foil of a punty of '^£X£?*«** » eatment in an amm ° niUm 
in an aede so.ut.on to enhance the surface area thereof and ^ 8Ub ^^*^ of ^ ^toote foil used is an 
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for driving an electrolytic capacitor. The capacitor element impregnated with the electrolytic solution is housed in an 
aluminum cylindrical out r package with a bottom, a sealing m mber formed with butyl rubb r is inserted into an open 
nd of th outer packag , and further, th open end of th outer packag is sealed by drawing to seal the aluminum 
electrolytic capacitor. 

5 [0053] The compositions and the characteristics of the electrolytic solutions used herein are shown in Tables 1-1 
and 1-2. 

[0054] The aluminum electrolytic capacitors thus constituted were subjected to a high-temperature service life test. 
The rating of the aluminum electrolytic capacitors is 50 WV-100 u.F. The test conditions are at 125°C with load of the 
rated voltage for 1,000 hours, and at 125°C with no load for 1,000 hours for Examples 1-1 to 1-11, Conventional 
10 Example 1 -1 , and Comparative Examples 1 -1 and 1 -2, and at 1 05°C with load of the rated voltage for 1 ,000 hours, 
and at 105°C with no load for 1 ,000 hours for Examples 1 -12 and 1-13, Conventional Example 1 -2, and Comparative 
Example 1 -3, with the respective results being shown in Tables 1 -3 to 1 -6 and Tables 1 -7 and 1 -8. 
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[0055] It is clear from Tables 1 -1 to 1 -8 that, In Examples 1 -1 to 1 -1 3 having contents of water in the solvent of from 
35 to 100% by w ight, the electrolytic solution has a low sp cific resistance and a low tan 8 in th initial stage in 
comparison to the Conventional Examples. The change of tan 6 aft r the high-temperatur t st is also small. Further- 
mor the leakage current after the high-temperature no load t st is r markably small in comparison to the Conventional 

5 Examples. In the results of the high-temperature test at 1 05°C shown in Tables 1 -7 and 1 -8, good results are obtained 
in Examples 1 -1 2 and 1 - 1 3 having high contents of water of from 75 to 1 00% by weight, whereas Comparative Example 
1-3 not using the condensed phosphoric acid and the chelating agent suffers from opening of the valve even in the 
test period of several tens of hours regardless of the low content of water of 15% by weight, and thus the effect of the 
condensed phosphoric acid and the chelating agent in the invention is understood. Furthermore, in the high-temper- 

10 ature test at 1 25°C shown in Tables 1 -3 to 1 -6, good results are obtained in Examples 1 -1 to 1 -1 1 having contents of 
water of from 35 to 60% by weight, whereas in Comparative Examples 1-1 and 1-2 using one of the condensed phos- 
phoric acid or the chelating agent singly, they suffer from opening of the valve even in the test period of several tens 
of hours regardless of the low content of water of 10% by weight, and thus, the strong synergistic effect between the 
condensed phosphoric acid and the chelating agent in the invention is understood. 

15 [0056] The equivalent initial characteristics and service life characteristics are obtained in Examples 1-5, 1-6 and 
1 -7 having contents of ammonium adipate of 9.0, 1 2.0 and 14.0% by weight, Examples 1-3,1-6 and 1 -9 having contents 
of tripolyphosphoric acid of 0.2, 1 .0 and 2.0% by weight, and Examples i -4, 1 -6 and 1 -8 having contents of ammonium 
citrate of 0.1 , 1 .0 and 2.0% by weight, and thus, it is understood that excellent characteristics are obtained within the 
ranges. 

20 [0057] The invention will be described in detail with reference to Second Example. Electrolytic capacitors were pro- 
duced in the same manner as in the First Example. 

[0058] The compositions and the characteristics of the electrolytic solutions used herein are shown in Tables 2-1 
and 2-2. 

[0059] The aluminum electrolytic capacitors thus constituted were subjected to a high-temperature service life test. 
25 The rating of the aluminum electrolytic capacitors is 50 WV-1 00 jiF. The test conditions are at 1 25°C with load of the 
rated voltage for 1,000 hours, and at 125°C with no load for 1,000 hours for Examples 2-1 to 2-11, Conventional 
Example 2-1 , and Comparative Examples 2-1 and 2-2, and at 1 05°C with load of the rated voltage for 1 ,000 hours, 
and at 105°C with no load for 1 ,000 hours for Examples 2-12 and 2-1 3, Conventional Example 2-2, and Comparative 
Example 2-3, with the respective results being shown in Tables 2-3 to 2-6 and Tables 2-7 and 2-8. 
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[0060] It is dear from Tables 2-1 to 2-8 that, in Examples 2-1 to 2-1 3 having contents of water in the solvent of fr m 
35 t 100% by w ight, the electrolytic solution has a low specific resistance and a I w tan 8 in th initial stag in 
comparis n to the Conventional Examples. The change of tan 6 aft r the high-temp rature test is also small. Furth r- 
more, the leakage current after the high-temp rature no load t st is remarkably small in comparison to th Conventional 

5 Examples. In the results of the high -temperature test at 1 05°C shown in Tables 2-7 and 2-8, good results are obtain d 
in Examples 2-12 and 2- 1 3 having high contents of water of from 75 to 1 00% by weight, whereas Comparative Exampl 
2-3 not using the phosphorus compound and the chelating agent suffers from opening of the valve even in the t st 
period of several tens of hours regardless of the low content ,of water of 15% by weight, and thus, the effect of th 
phosphorus compound and the chelating agent in the invention is understood. Furthermore, in the high-temperatur 

10 test at 1 25°C shown in Tables 2-3 to 2-6, good results are obtained in Examples 2-1 to 2-1 1 having contents of water 
of from 35 to 60% by weight, whereas in Comparative Examples 2-1 and 2-2 using one of the phosphorus compound 
or the chelating agent singly, they suffer from opening of the valve even in the test period of several tens of hours 
regardless of the low content of water of 1 0% by weight, and th us, the strong synergistic effect between the phosphorus 
compound and the chelating agent in the invention is understood. 

15 [0061] The equivalent initial characteristics and service life characteristics are obtained in Examples 2-5, 2-6 and 

2- 7 having contents of ammonium adipate of 9.0, 1 2.0 and 1 4.0% by weight, Examples 2-3, 2-6 and 2-9 having contents 
of dibutyl phosphate of 0.2, 1.0 and 2.0% by weight, and Examples 2-4, 2-6 and 2-8 having contents of ammonium 
citrate of 0.1 , 1 .0 and 2.0% by weight, and thus, it is understood that excellent characteristics are obtained within th 
ranges. 

20 [0062] The invention will be described in detail with reference to Third Example . Electrolytic capacitors were produced 
in the same manner as in the First Example. 

[0063] The compositions of the electrolytic solutions used herein were 52 parts of water, 34 parts of ethylene glycol 
and 14 parts of ammonium adipate, to which the additives shown in Table 3-1 were added. As Comparative Example 

3- 3, an electrolytic solution having 26 parts of water, 60 parts of ethylene glycol and 14 parts of ammonium adipate 
25 and containing no additive was produced. Table 3-1 also shows the specific resistance thereof. 

[0064] The aluminum electrolytic capacitors thus constituted were subjected to a service life test. The rating of the 
aluminum electrolytic capacitors is 6.3 WV-5,600 uF. The test conditions are at 105°C with load of the rated voltage 
or no load for 1,000 hours. As for Examples 3-1, 3-2 and 3-7, it was also carried out at 125°C with load of the rated 
voltage or no load for 1 ,000 hours. The electric characteristics after the test are shown in Tables 3-2 to 3-5 
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t0065] As it is understood from Tables 3-2 to 3-5, the service life characteristics at 105°C and 125°C after 1,000 
hours f the Examples were excellent. Th capacitance in the initial stage is also high. In comparison to these. Com- 
parative Examples 3-1 and 3-2 having only diammonium hydrogenphosphat add d suff r from opening of th valv 
ven though 0.005 part and 1 part, respectiv ly, of diammonium hydrogenphosphat ar added to th electrolytic 
5 solutions, and the leakage current in the initial stage is high in Comparative Example 3-2 having 1 part of diammonium 
hydrogenphosphate added. 

[0066] Furthermore, Comparative Example 3-3 having neither chelating agent nor diammonium hydrogenphosphat 
added has a specific resistance of 80 and a tan 5 of from 0. 1 09 to 0. 1 1 0, which are in the lowest level as the conventional 
products, but suffers from opening of the valve, and therefore, it is understood that the invention realizes an electrolytic 
10 capacitor, which has low tan 5 characteristics that are not conventionally attained and has good high-temperatur 
service life characteristics. 

Advantage of the Invention: 

is [0067] The phosphoric acid compound and the chelating agent are added to the solvent containing water as a main 
component in the electrolytic solution for an electrolytic capacitor in the invention, and therefore, the content of water 
can be increased to 1 00% by weight of the solvent, so as to obtain a high electroconductivity of the electrolytic solution. 
Furthermore, blister and opening of the valve of the capacitor are prevented, and the tan 8 characteristics after the 
high-temperature test and the leakage current characteristics after the high-temperature no. load test are also improved. 

20 As described in the foregoing, an electrolytic capacitor having impedance characteristics and high -temperature service 
life characteristics that are not conventionally attained, and improved shelf characteristics can be realized owing to the 
synergistic effect among the solvent containing water as a main component, the phosphoric acid compound and the 
chelating agent in the electrolytic solution for an electrolytic capacitor of the invention. 

25 

Claims 

1 . An electrolytic solution for an aluminum electrolytic capacitor containing a solvent containing water and a water- 
soluble aluminum complex having a phosphate ion combined thereto. 

30 

2. An electrolytic solution for an aluminum electrolytic capacitor according to claim 1 , wherein said solvent contains 
water as a main component. 

3. An electrolytic solution for an aluminum electrolytic capacitor according to claim 1 , wherein said water-solubl 
55 aluminum complex having a phosphate ion combined thereto is formed by adding a compound forming a phosphat 

ion in an aqueous solution and a chelating agent forming a water-soluble aluminum complex with aluminum. 

4. An electrolytic solution for an aluminum electrolytic capacitor according to claim 3, wherein said compound forming 
a phosphate ion in an aqueous solution is at least one kind selected from the group consisting of phosphoric acid, 

<o phosphorous acid, hypophosphorous acid or salts thereof; a phosphate or an alkylphosphate, a phosphonate, a 

diphosphonate or a derivative thereof, a phosphinate ester, or a salt thereof; and a condensate thereof or a salt 
of said condensate. 



5. An electrolytic solution for an aluminum electrolytic capacitor according to claim 1 , wherein at least one kind of 
<5 adipic acid and a salt thereof is used as a solute. 

6. An electrolytic solution for an aluminum electrolytic capacitor according to claim 1 , wherein a content of water is 
from 35 to 100% by weight of the entire solvent. 

so 7. An electrolytic solution for an aluminum electrolytic capacitor according to claim 5, wherein a content of adipic acid 
or a salt thereof is from 5 to 20% by weight of the entire electrolytic solution. 

8. An electrolytic solution for an aluminum electrolytic capacitor according to claim 3, wherein a content of said com- 
pound forming a phosphate ion in an aqueous solution is from 0.01 to 3.0% by weight of the entire electrolytic 

55 solution. 

9. An electrolytic solution for an aluminum electrolytic capacitor according to claim 3, wherein a content of said chelat- 
ing agent is from 0.01 to 3.0% by w ight f th ntire electrolytic solution. 
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10 An electrolytic solution for an aluminum electrolytic capacitor according to claim 3, wherein said chelating agent 
' is at I ast one kind selected from the group consisting of crtric acid, tartaric acid, gluconic acid, malic acid, lactic 

' acid qlvcolic acid, a-hydroxybutylic acid, hydroxymalonic acid, a-methylmalic acid, dihydroxytartanc acid, y-reso- 
cvlic acid B-resocylic acid, trihydroxybenzoic acid, hydroxyphthalic acid, dihydroxyphthalic acid, ph noltncarbox- 
vlic acid 'aluminon, Eriochrome Cyanine R, sulfosalicylic acid, tannic acid, dicyandiamide, galactose, glucose, 
lignosulfonate, ethylenediaminetetraacetic acid (EDTA), nitrilotriacetic acid (NTA), glycoletherdiaminetetraacet.c 
acid (GEDTA), diethylenetriaminepentaacetic acid (DTPA), hydroxyethylethylenediaminetriacetic acid (HEDTA), 
triethylenetetraminehexaacetic acid (TTHA), and salts of them. 



w 



Amended claims under Art. 19.1 PCT 

(Accepted by the International Bureau on July 28, 2000 (28.07.00): 
Claims 1 to 10 as filed have been substituted by amended claims 1 to 8. (2 pages)) 

1 An electrolytic solution for an aluminum electrolytic capacitor containing a solvent containing water in an amount 
of from 35 to 1 00% by weight of the entire solvent and a water-soluble aluminum complex having a phosphate ion 
combined thereto. 

2 An electrolytic solution for an aluminum electrolytic capacitor according to claim 1 , wherein said water-soluble 
aluminum complex having a phosphate ion combined thereto isformed by adding a compound forming a phosphate 
ion in an aqueous solution and a chelating agent forming a water-soluble aluminum complex with aluminum. 

3 An electrolytic solution for an aluminum electrolyticcapacitoraccordingtoclaim2, wherein said compound fomiing 
a phosphate ion in an aqueous solution is at least one kind selected from the group consisting of phosphonc acid, 
phosphorous acid, hypophosphorous acid or salts thereof; a phosphate or an alkylphosphate, a phosphonate, a 
diphosphonate or a derivative thereof, a phosphinate ester, or a salt thereof; and a condensate thereof or a salt 
of said condensate. 

4. An electrolytic solution for an aluminum electrolytic capacitor according to claim 1 , wherein at least one kind of 
adipic acid and a salt thereof is used as a solute. 

5 An electrolytic solution for an aluminum electrolytic capacitor according to claim 4, wherein a content of adipic acid 
or a salt thereof is from 5 to 20% by weight of the entire electrolytic solution. 

6 An electronic solution for an aluminum electrolytic capacitor according to claim 2, wherein a content of said com- 
pound forming a phosphate ion in an aqueous solution is from 0.01 to 3.0% by weight of the entire electrolytic 
solution. 

An electrolytic solution for an aluminum electrolytic capacitor according to claim 2, wherein a content of said chelat- 
ing agent is from 0.01 to 3.0% by weight of the entire electrolytic solution. 

8 An electrolytic solution for an aluminum electrolytic capacitor according to claim 2, wherein said chelating agent 
is at least one kind selected from the group consisting of citric acid, tartaric acid, gluconic acid, malic acid, lactic 
acid qlycolic acid, a-hydroxybutylic acid, hydroxymalonic acid, a-methylmalic acid, dihydroxytartanc acid, y-reso- 
cylic acid B-resocylic acid, trihydroxybenzoic acid, hydroxyphthalic acid, dihydroxyphthalic acid, phenoltncarbox- 
vlic acid aluminon, Eriochrome Cyanine R, sulfosalicylic acid, tannic acid, dicyandiamide, galactose, glucose, 
lignosulfonate, ethylenediaminetetraacetic acid (EDTA), nitrilotriacetic acid (NTA), glycoletherdiaminetetraacedc 
acid (GEDTA), diethylenetriaminepentaacetic acid (DTPA) 5 hydroxyethylethylenediaminetnacetic ac.d (HEDTA), 
so triethylenetetraminehexaacetic acid (TTHA), and salts of them. 

Explanation on a basis of Section 19 of the Treaty 

55 Japanese Laid-Open Patent Publication No. 8-88147, which is considered to be particularly relevant to the present 

invention, is concerned with an electrolytic solution for an electrolytic capacitor of an organic solvent system, i.e., a 

non-aqueous solvent system. 

The present invention, on the other hand, is concerned with an aqu oife electrolytic solution for an electrolytic 
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capacitor containing water as a main component. 

Consequently, in order to clarify the characteristics of th present invention, an amendment for specifying th 
content of water in the solv nt set forth in daim 6 (from 35 to 1 00% by weight of th ntire sorv nt) has b en mad in 
claim 1 . 

Based on the amendment of claim 1 , claims 2 and 6 before the amendment have been canceled. 
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